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(54) [Title of Invention] Memory Unit 



(57) [Abstract] 

[Problem] Because the screening test of a conventional memory 
card uses a method for inputting a test pattern per chip inside 
the card, there is a problem that testing time is long as the 
number of built-in chips increases. 

[Solving Means] In a memory card that incorporates multiple 
memory chips (FMs) and a controller chip (CONT) on which 
selection signals (CEs) and read and write control signals (WEs) 
of these memory chips are formed, a pair of transmission means 

(TGI, TG2) that turn on and off complementarily based on an 
external test mode control signal (TMD) and the read and write 
control signals output from the aforementioned controller chip 
per data input and output pin of each memory chip. At the same 
time, one of the transmission means is connected to the 
controller chip as it is and the other transmission means is 
connected to the controller chip via a collector-grounded output 
transistor (22), for example. In a test mode, all the chips 
were made to enter a selected state regardless of the chip 
selection signals output from the aforementioned controller 
chip based on the aforementioned test mode control signal. 
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[Scope of Claims] 

[Claim 1 ] A memory unit that incorporates a plurality of memory 
chips and a controller chip on which selection signals and read 
and write control signals of the memory chips are formed, 
comprising: 

a pair of transmission means that turn on and of f complementarily 
based on an external test mode control signal and the read and 
write control signals output from said controller chip per data 
input and output pin of each memory chip, wherein one of the 
transmission means is connected to the controller chip of the 
unit and the other transmission means is connected to said 
controller chip via an output transistor, and, in a test mode, 
all the memory chips are made to enter a selected state 
simultaneously regardless of the chip selection signals output 
from said controller chip based on said test mode control signal . 
[Claim 2] A memory unit according to claim 1, wherein a means 
that can output a signal in which a data signal output from 
said memory chip is reversed is provided between said other 
transmission means and the output transistor. 
[Claim 3] A memory unit according to claim 1 or 2, wherein 
the input and output pin of the controller chip to which the 
data input and output pins of each of the memory chips is connected 
via said transmission means can be connected to the input and 
output of a common controller chip by the same fellow bit of 
the input and output data of each of the memory chips. 



[Claim 4] A memory unit according to claim 1 or 2, wherein 
the input and output pin of the controller chip to which the 
data input and output pins of each of the memory chips is connected 
via said transmission means can be connected to the input and 
output pin of the controller chip in which all bits of the input 
and output data are common per memory chip. 

[Claim 5] A memory unit according to claim 1 , 2, 3 or 4 , wherein 
said output transistor comprises a collector-grounded bipolar 
transistor in. which an emitter pin is connected to the input 
and output pin of said controller chip. 

[Claim 6] A memory unit according to claim 1, 2, 3, 4 or 5, 
wherein said memory chip is a nonvolatile memory chip. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] 

The present invention relates to an inspection technique of 
a memory unit having a semiconductor memory, and, more 
particularly to an effective technique in applying to a screening 
test of a memory card and additionally , for example, relates 
to the effective technique in use in the memory card that 
incorporates multiple flash memory chips. 
[0002] 
[Prior Art] 

Conventionally, there has been a method in general for allowing 



5 



the screening test of a memory card that incorporates multiple 
memory chips to input a test pattern from a pin provided in 
the memory card, then select the memory chips one by one and 
determine all signals output from the chips. 
[0003] - 

[Problem to be Solved by the Invention] 

Because the screening test of the aforementioned memory card 
uses the method for inputting a test pattern per chip inside 
the card, there is a problem that testing time is long as the 
number of built-in chips increases. In particular, because 
a memory card that incorporates a nonvolatile memory, such as 
an electrically fully erasable flash memory, is longer in a 
data write and erase time than a volatile memory such as a RAM, 
there is a defect that the testing time is even longer. In 
addition, because the memory card tends to have high capacity 
and increase in the number of built-in chips year by year, a 
technique that enables the screening test in a short time has 
been desired. 
[0004] 

An object of the present invention is to provide a technique 
that enables significant reduction in time required for the 
screening test of a memory card. 
[0005] 

The aforementioned and other objects of the present' invention 
and its new features will become evident from the description 
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of this specification and its appended drawings. 
[0006] 

[Means for Solving the Problem] 

A typical invention among the inventions disclosed in this 

application is outlined ' below . 

[0007] 

That is, a memory unit, such as a memory card, that incorporates 
multiple memory chips and a controller chip on which selection 
signals and read and write control signals of these memory chips 
are formed provides a pair of transmission means that turn on 
and off complementarily based on an external test mode control 
signal and the read and write control signal output from the 
controller chip per data input and output pin of each memory 
chip. One of the transmission means is connected to the 
controller chip of the card as it is and the other transmission 
means is connected to the controller chip of the card via a 
collector-grounded output transistor. In a test mode, all the 
memory chips are made to enter a selected state regardless of 
the chip selection signal output from the aforementioned 
controller chip based on the aforementioned test mode control 
signal . 
[0008] 

According to the aforementioned means, because a signal in which 
a test pattern is input and stored simultaneously in all memory 
chips of a memory unit in a screening test, then memory data 
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is read simultaneously from all the memory chips and their wired 
OR logic is obtained, can be output from the data input and 
output pin of the unit, testing time can be shortened 
significantly compared with a conventional screening test 
method that inputs and outputs the test pattern sequentially 
for one chip at a time, 
[0009] 

In particular, when the aforementioned memory chip is a 
non-volatile memory , more data writing and erase time is required 
than a RAM, so there is an advantage that it is particularly 
effective to reduce the testing time by inputting a test pattern 
to multiple chips simultaneously and determining output 
simultaneously. 
[0010] 

Moreover, a means that can output a signal in which a data signal 
output from each memory chip is reversed is provided between 
the aforementioned other transmission means and output 
transistor. Accordingly, both a defective memory chip having 
a bit that cannot write data "0" and a defective memory chip 
having a bit that cannot write data "1" can be detected. 
[0011] 

Further, the input and output pin of the controller chip of 
a memory unit to which the data input and output pins of each 
of the memory chips is connected via the aforementioned 
transmission means may be shared among the same bits of the 
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input and output data of each of the memory chips . Alternatively, 
the data input and output pin can also be connected to the input 
and output pin of a common controller chip per memory chip. 
Accordingly, a short-time screening test is enabled, and which 
memory chip in the unit is defective can be identified and 
detected. As a result, the memory unit that incorporates a 
defective chip is processed so that the detected defective chip 
cannot be used, and can also be distributed as a good product 
in which the total capacity decreases by one rank (for example, 
a memory card of 30 megabytes decreases to the memory card of 
15 megabytes) . 
[0012] 

Moreover, the aforementioned output transistor has a 
collector-grounded bipolar transistor in which an emitter pin 
is connected to the input and output pin of the aforementioned 
controller chip. Accordingly, the number of elements is 
reduced in comparison with the case where data is output using 
a buffer circuit and an occupied area can be reduced. At the 
same time, a load, such as parasitic resistance or parasitic 
capacity possessed by the wiring (printed wiring) to the input 
and output pin of the controller chip, can be driven easily. 
[0013] 

[Description of Preferred Embodiments] 

Preferable embodiments of the present invention are. described 
below with reference to the drawings. 
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[0014] 

FIG- 1 shows a first embodiment of a flash memory card to which 

the present invention applied. 

[0015] 

The memory card of this embodiment is not limited in particular. 
A controller chip CONT as a controller chip on which n flash 
memory chips FM1 to FMn, and selection signals CE1 to CEn and 
a read and write control signal /WE (writing is effective at 
a low level) for each memory chip are formed based on address 
and control signals input from outside is mounted on a printed 
wiring board 10 and the entirety is molded with resin. The 
aforementioned controller chip CONT has one or several 
semiconductor chips, and is connected to external pins 13, 14 
via an address bus 11 and a control bus 12 formed on the board 
10. Moreover, a different bus 18 is connected between the 
controller chip CONT and the flash memory chips FM1 to FMn. 
[0016] 

In this embodiment, a test input and output circuit 20 is provided 
per data input and output pin of the aforementioned memory chips 
FM1 to FMn and the test input and output circuit 20 that correspond 
to each of the memory chips is connected in common to the input 
and output pin of the controller chip CONT respectively. That 
is, the memory chips FM1 to FMn of this embodiment have 16 data 
input and output pins DO to D15 respectively. The first data 
input and output pin DO of each memory chip is connected to 
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a first input and output I/OO of * the controller chip CONT via 
the test input and output circuit 20 that is provided 
correspondingly. The second data input and output pin of each 
memory chip is connected to a second input and output pin of 
the controller chip CONT and the third data input and output 
pin is connected to a third input and output pin of the controller 
chip CONT. In the same manner, each data input and output pin 
of the memory chip is connected to the input and output of the 
corresponding controller chip CONT respectively. 
[0017] 

Further, the memory card 10 of this embodiment provides NOR 
gates Gl to G8 for the respective memory chips FM1 to FMn so 
that chip selection signals CE1 to CE8 supplied from the 
aforementioned controller chip CONT to each of the memory chips 
FM1 to FMn can be used as one input and a test mode signal TMD 
(effective at a high level) supplied from outside to another 
input can be allocated. An AND gate G20 is provided so that 
the common read and read control signal /WE output to all the 
memory chips FM1 to FMn can be used as one input and the test 
mode signal TMD supplied from outside to another input can be 
allocated. The aforementioned test input and output circuit 
20 provided by the output and input signal of this AND gate 
G20 per data input and output pin is controlled. 15 is an 
external power pin in which a power supply voltage Vdd supplied 
to the memory chips FM1 to FMn and the controller chip CONT 
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is applied, 16 is an external power pin in which a power supply 
voltage Vcc (> Vdd) supplied to the test input and output circuit 
20 is applied. 17 is an external ground pin in which ground 
potential supplied to all circuits inside the card is applied. 
The power supply voltage Vcc may be generated from the Vdd inside 
the card as well. 
[0018] 

In the aforementioned embodiment, a pull-down resistor Rd is 
connected to a pin to which the test mode signal TMD is input. 
Even if this pin is made to enter an open state (no voltage 
is applied) in a busy condition, the pin will not enter a test 
mode incorrectly. Moreover, the aforementioned test mode 
signal TMD is output from an idle pin when the idle pin is provided 
or from a controller chip, for example, when the idle pin is 
not provided. In that case, the controller chip forms the 
control signal TMD by determining whether the test mode is 
instructed based on an unused combination of control signals 
input from outside. 
[0019] 

Further, in the embodiment of FIG. 1, the test input and output 
circuit 20 is shown as a different circuit respectively. These 
circuits are formed collectively on one semiconductor chip or 
can be even formed into one chip when they are incorporated 
into the controller chip CONT. 
[0020] 
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FIG. 2 shows a specific circuit configuration example of the 
aforementioned test input and output circuit. The test input 
and output circuit 20 of this embodiment provides transmission 
means TGI, TG2 having a CMOS transmission gate in parallel in 
which a pair of P-channel MOSFET and N-channel MOSFET are 
connected in parallel between the data input and output pin 
Di (i = 0 to 15) of the memory chip and the input and output 
I/Oi of the controller chip CONT. At the same time, a level 
conversion circuit 21 and an output transistor 22 having a 
collector-grounded bipolar transistor are provided between the 
transmission means TGI and the input and output pin I/Oi of 
the controller chip CONT. 
[0021] 

The level conversion circuit 21 has a pair of P-channel MOSFETs 
MP1, MP2 and a pair of N-channel MOSFETs MN1 , MN2 , and has a 
CMOS latch type circuit in which mutual drain pins are 
intersected and linked to the gate pins of the PMOS MP1, MP2 . 
The signal of a TTL level output from each memory chip is converted 
to the output of the collector-grounded bipolar transistor 22 
and the binarization of an output level is realized. Moreover, 
the emitter pin of each output transistor 22 is linked in common 
and is connected to a ground point via a switch SW having a 
CMOS transmission gate and a resistor Rc. Subsequently, the 
output in which wired OR logic is obtained is supplied to the 
input and output of the controller chip CONT. 
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[0022] 

The aforementioned pair of the transmission means TGI, TG2 is 
controlled by the output signal of the aforementioned AND gate 
G20 in which the test mode control signal TMD and the read and 
write control signal /WE are used as input signals. When the 
test mode control signal TMD is set at a low level indicating 
a normal operation mode that is not a test mode, TG2 out of 
TGI , TG2 is made to enter a conduction state and is linkeddirectly 
between the data input and output pin Di of the memory chip 
and the input and output I/Oi of the controller chip CONT. 
Accordingly, in the normal mode, the data signal output from 
the data input and output pin Di of the memory chip is input 
immediately from the input and output I/Oi of the controller 
chip CONT to the controller chip CONT, while the data signal 
output from the input and output pin I/Oi of the controller 
chip CONT is supplied to the data input and output pin Di of 
the memory chip. 
[0023] 

Besides, the data signal input at this time is also supplied 
to another memory chip that shares the input and output pin 
I/Oi of the controller chip CONT. In a normal mode, however, 
because only any one of the memory chips is validated by the 
chip selection signals CE1 to CEn output from the controller 
chip, only the selected memory chip fetches data that was input 
and writes it to an internal memory cell. 
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[0024] 

When the aforementioned test mode control signal TMD is set 
at a high level that indicates a test mode, one of the transmission 
means TGI and TG2 enters a conduction state in accordance with 
the read and write control signal /WE output from the controller 
chip. Specifically, when the signal is set at the low level 
that indicates the read and write control signal /WE in the 
test mode, TG2 out of TGI, TG2 is made to enter the conduction 
state and is linked directly between the data input and output 
pin Di of the memory chip and the input and output I/Oi of the 
controller chip. Accordingly, in a normal mode, the data signal 
output from the data input and output pin Di of the memory chip 
is input immediately from the data input and output pin I/Oi 
of the controller chip CONT to the controller chip CONT, while 
the data signal output from the input and output pin I/Oi of 
the controller chip CONT is supplied to the data input and output 
pin Di of the memory chip. In addition, the data signal input 
at this time is also supplied to another memory chip that shares 
the input and output pin I/Oi of the controller chip CONT. In 
the test mode, however, because the output of NOR gates Gl to 
Gn that use the chip selection signals CE1 to CEn and test mode 
signal TMD output from the controller chip CONT as input is 
all set at the low level, all the memory chips are validated. 
Accordingly, in the test mode, all the memory chips- fetch the 
data output from the input and output pin of the controller 
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chip CONT and write it an internal memory cell. 
[0025] 

On the contrary, when the read and write control signal /WE 
is set at the high level that indicates read in a test mode, 
TGI out of the transmission means TGI, TG2 is made to enter 
a conduction state and the data input and output pin Di of the 
memory chip is connected to the corresponding test input and 
output circuit 20. Accordingly, in the test mode, the read 
data signal output from the data input and output pin Di of 
the memory chip is supplied to the test input and output circuit 
20 and the signal level is converted, then the output transistor 
22 enters an on or off state in accordance with the read data. 
The signal that complies with this on or off state is input 
from the input and output pin I/Oi of the controller chip to 
the controller chip CONT. In addition, at this time, because 
the test input and output circuit to which all memory chips 
correspond is connected to a common controller input and output 
pin, a level in which the wired OR logic of the output signal 
of multiple (16) test input and output circuits was obtained 
will appear in the input and output pin of the controller chip 
CONT. 
[0026] 

Accordingly, as a result of writing data "0" to the memory cells 
of all memory chips and reading it, if only one input and output 
pin of the controller chip CONT reaches a high level, it can 
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be detected that there is a defective memory cell fixed at the 
high level in which data "0" cannot be written to any memory 
chip. 
[0027]. 

FIG. 3 shows another circuit configuration example of the 
aforementioned test input and output circuit 20 . The test input 
and output circuit of this embodiment can detect whether there 
is the defective memory cell fixed at a high level in which 
data "0" cannot be written to the memory chip, and can detect 
even whether there is a defective memory cell fixed at a low 
level in which data "1" cannot be written to the memory chip. 
The drawing adds a few circuits to the test input and output 
circuit 20 of FIG. 2. 
[0028] 

Specifically, transmission means TG11, TG12 that can 
selectively transmit the potential of true and false output 
nodes Nl, N2 of the level conversion circuit 21 are provided 
between the level conversion circuit 21 and the output transistor 
22 of the test input and output circuit 20. These transmission 
means TG11, TG12 are controlled with a signal H/L indicating 
that a defect fixed at a high level is detected or a defect 
fixed at a low level is detected. The aforementioned 
transmission means TG11, TG12 can also be provided with a CMOS 
transmission gate in which a P-channel MOSFET and an.N-channel 
MOSFET in a pair are connected in parallel, in the same manner 



as TGI, TG2 . Signal level deterioration can be prevented using 

the CMOS transmission gate. 

[0029] 

The signal H/L indicating that the aforementioned defect fixed 
at the high level is detected or the defect fixed at the low 
level is detected is output from an idle pin when the idle pin 
is in the card or output from the controller chip, for example, 
when there is no pin, in the same manner as the test mode signal 
TMD. In that case, the controller chip can form the control 
signal H/L by determining which test mode is instructed based 
on an unused combination of control signals input from outside. 
Moreover, instead of providing the transmission means TG11, 
TG12, a logic gate that can output true and false signals of 
the data signal controlled with the control signal H/L and output 
from the memory chip may also be provided. 
[0030] 

FIG. 4 shows a second embodiment of the flash memory card to 
which the present invention applied. In the embodiment of FIG. 
1, the input and output pin of the controller chip CONT that 
connects the data input and output pin of each memory chip via 
the test input and output circuit is shared among the same bits 
of the memory chips, while, in the embodiment of FIG. 4, all 
the data input and output pins DO to D15 can be connected to 
the common controller chip input and output I/Oi for each memory 
chip. That is, in the embodiment of FIG. 4, for example, the 
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test input and output circuit 20 of the memory chip FM1 is linked 
through a wired OR gate and can be connected in common to the 
input and output pin I/O0 of the controller chip CONT via a 
changeover switch SW1. The test input and output circuit 20 
of the memory chip FMn is linked through the wired OR gate and 
can be connected to the input and output pin I /On of the common 
controller chip CONT via a changeover switch SWn. Accordingly, 
the memory card of this embodiment enables a screening test 
in a short time and can identify and detect which memory chip 
inside the card is defective . 
[0031] 

The invention made by the present inventors was described above 
specifically based on the embodiments. Needless to say, 
however, the present invention is limited to the aforementioned 
embodiments, and can make various changes and modifications 
without departing from the spirit and scope thereof. For 
example, the input and output nodes of all the test input and 
output circuits 20 provided respectively corresponding to the 
input and output pins of all memory chips incorporated in the 
card are linked through a wired OR gate and connected to one 
common input and output pin of the controller chip CONT. 
Moreover, in the embodiment, a collector-grounded bipolar 
transistor is used as the output transistor 22 is used, but 
the P-channel MOSFET or a CMOS inverter and another buffer 
circuit that connect a drain pin to an external pin may also 
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be used. If at least the wired logic of output is obtained 
and can be output to the input and output pin of the controller 
chipCONT, any configuration is acceptable. Moreover, instead 
of obtaining the wired logic of the output of multiple test 
input and output circuits and supplying it to the input and 
output of the controller chip CONT, it can also be output to 
the external pin of the card directly. 
[0032] 

The aforementioned description is chiefly made concerning the 
case where the invention made by the inventors is applied to 
a memory card that incorporates a flash memory that is the field 
of an application forming the background. This invention is 
not limited to it, and it can also be utilized for a memory 
module in which a memory card or multiple memory chips that 
incorporate an EE PROM chip or a RAM chip are mounted on a board. 
[0033] 

[Effect of the Invention] 

The effect obtained by the typical invention disclosed in this 

application is described below briefly. 

[0034] 

That is, the present invention has an effect indicating that 
significant reduction in time required for the screening test 
of a memory card is enabled. 
[Brief Description of the Drawing] 

FIG. 1 is a block diagram showing a first embodiment of a flash 
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memory card to which the present invention is applied. 
FIG. 2 is a drawing showing a specific circuit configuration 
example of a test input and output circuit of the embodiment. 
FIG. 3 is adrawing showing another circuit configuration example 
of the test input and output circuit. 

FIG. 4 is a block diagram showing a second embodiment of the 
flash memory card to which the present invention is applied. 
[Explanation of Codes] 

10. Printed Wiring Board 

11. Address bus 

12. Control Bus 

20. Test Input and Output Circuit 

21. Level Conversion Circuit 

22. Output Transistor 
CONT Controller Chip 

FM1 to FMn Flash Memory Chip 
TO to T15 Data Input and Output Pin 
CE1 to CEn Chip Selection Signal 
/WE Read and Write Control Signal 
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